Quantitation of the Na(+)-Pi cotransporter in renal cortical brush border membranes. [14C]phosphonoformic acid as a useful probe to determine the density and its change in response to parathyroid hormone.
To determine the density of Na(+)-Pi symporters in brush border membranes (BBM) from rat renal cortex, [14C] phosphonoformic acid [( 14C] PFA), a competitive inhibitor of Na(+)-Pi cotransport, was employed as a probe. The [14C]PFA binding was measured in BBM vesicles (BBMV) under equilibrated conditions (extra-vesicular Na+, K+, and H+ = intravesicular Na+, K+, and H+) to avoid modulatory effects of these solutes. BBMV were preincubated in media without or with addition of molar excess of Pi (greater than 20 times) to determine the Pi-protectable PFA-binding sites, and then [14C] PFA binding was determined. Only the [14C]PFA binding in the presence of Na+ displaceable by an excess of Pi was saturated and was independent of intravesicular volume of BBMV. This value denoted as "Pi-protectable Na(+)-[14C]PFA binding," was analyzed by Scatchard plot showing BmaxPFA = 375 +/- 129 pmol of PFA/mg protein, KDPFA = 158 +/- 18 microM; the Hill coefficient was congruent to 1. For Na(+)-dependent binding of [3H]phlorizin, in the same BBMV, Bmax = 310 +/- 37 pmol/mg protein and KD V 2.2 +/- 0.5 microM. BBMV prepared from cortex of thyroparathyroidectomized rats infused with phosphaturic doses of parathyroid hormone (PTH) were compared with vehicle-infused controls. Administration of PTH resulted in decrease of BmaxPFA (-38%) and of Na(+)-gradient-dependent uptake of 32Pi (-35%), but KDPFA was not changed. Neither BmaxPhl and KDPhl for Na(+)-phlorizin binding, nor the Na(+)-gradient-dependent uptake of [3H]D-glucose differed between PTH-treated and control rats. We conclude: (a) measurement of Pi-protectable Na(+)-[14C]PFA binding determines numbers and affinity of Na(+)-Pi symporters in renal BBMV; (b) the affinity of PFA for Na(+)-Pi symporter is similar to apparent affinity for Pi (KmPi), as determined from measurements of Na(+)-gradient-dependent 32Pi uptake by BBMV; (c) both Na(+)-Pi symporter and [Na+]D-glucose symporters are present within renal BBM in a similar range of density; (d) PTH decreases the number of Na(+)-Pi cotransporters in BBMV commensurate with the parallel decrease of Na(+)-gradient-dependent Pi transport, whereas the affinity of Na(+)-Pi symporters for Pi is not changed. These observations support the hypothesis that PTH decreases capacity for Na(+)-dependent Pi reabsorption by internalization of Na(+)-Pi symporters in BBM of renal proximal tubules.